Abstract. Ceramic materials are numerically studied to understand their fracturing behaviour upon dynamic conditions and impact loadings. During a ballistic impact of a projectile against a ceramic armour system, an intense fragmentation composed of numerous oriented cracks, develops in the target. It is the reason why the conditions of crack initiation, propagation and arrest in these materials need to be investigated. In the present work, a dynamic testing configuration has been developed in order to characterise the dynamic fracture toughness ( , ), considering a single crack that propagates from the specimen notch tip. The "Rockspall" testing technique, which employs a two-notch specimen loaded in a spalling experiment, was used. Thanks to the reflection of a compression wave into a tensile load from the sample free-end, a single dynamic crack is triggered. The sample geometry is optimised by means of a series of FE numerical simulations involving an anisotropic damage model.
Introduction
Dynamic crack propagation in brittle materials is present in many situation, such as protective structures subjected to impact loading, blasting of rocks or concrete, fragmentation in mining, or other military applications [1] [2] [3] . In these situations, the crack velocity is an important parameter that governs the damage and fracturing of the loaded structure or the impacted target. For several decades the dynamic crack propagation in brittle materials has been investigated. According to several authors, the limiting velocity of a crack is linked to the fracture toughness in mode I-opening according to the following equation [4] :
Thus, the fracture toughness in mode I-Opening at velocity  (  (, )) decreases when the crack velocity tends to the Rayleigh wave speed   [1, 4] . The surface (Rayleigh) wave speed can be calculated according to [1] :
where   =   ⁄ =  2(1 + ) ⁄ is the shear wave speed related to  the shear modulus and  the density.
Based upon the concept of conservation of energy, it was demonstrated that when the crack length becomes significantly larger than the initial crack size, the cracking velocity would tend to a limit close to 0.38C 0 [5] where C 0 is the 1D longitudinal wave speed given by /.
Experimental studies later specified that in brittle materials, this velocity ranges from 0.40 to 0.60  (around 0.5  in glass and ceramic [6] , 0.60  in Plexiglass (brittle thermoplastic) and 0.40  in Homalite-100 [7] .
The determination of the critical dynamic fracture toughness  , is not as straightforward as its quasi-static homologue   . Indeed, if the tested structure or sample is loaded in an unbalance state, inertial effects acting on the sample makes the classical static relation between the stress-intensity factor   and the crack length  not applicable in dynamic situations. The measure of the stress field around the crack tip cannot be directly deduced from the applied load. Consequently, many studies had led to different results of dynamic fracture toughness. Some experimental studies have shown that, thanks to fields of displacement data obtained from digital image correlation (DIC), these methods can provide better predictions than strain gauges or external force cell [8] .
The present paper aims to determine the optimised experimental configurations for crack velocity from the notch tip in a SiC material, and to determine its dynamic fracture toughness.
Rockspall testing method
The "Rocking spalling" test, shortened in Rockspall, was developed by Forquin and co-authors [8] [9] (Fig. 1) to investigate the crack velocity in concrete and rock-like materials under dynamic strain rates. It originated from the conventional spalling test [10] [11] . The set-up consists from using a single Hopkinson bar along with a two-notch specimen put in contact with Hopkinson bar. The bigger notch creates a rocking effect on the rear free EPJ Web of Conferences 183, 02039 (2018) https://doi.org/10.1051/epjconf/201818302039 DYMAT 2018 part, which initiates the inception and the propagation of a crack from the smaller notch.
(a) (b) Fig. 1 . Specimen geometry used in the rocking spalling tests and experimental set up used for dynamic crack propagation testing [8] .
In this work, the tested sample is made of Hexoloy® ceramic material developed by Saint-Gobain. It is a high-performance ceramic used in armour systems. The sample is loaded by means of a Hopkinson bar made of steel. An example of sample geometry is shown in Fig.  2 . Fig. 2 . Rockspall sample geometry (dimensions are in mm) named 10-4-9 (large notch = 10 mm, small notch = 4 mm, distance between notches = 9 mm) loaded with a Hopkinson bar 20 mm in diameter made of steel.
Numericals simulationsn of Rockspall test

The DFH damage model
The DFH (Denoual-Forquin-Hild) anisotropic damage model provides a description of the dynamic tensile behaviour of brittle materials at high strain-rates [2, 12] .
This model is implemented in Abaqus\Explicit as a VUMAT subroutine. In the present work it is used to predict the velocity and propagation of one single crack in the form of a raw of damaged element. The damage variable , is given for the current time  according to the equations [2, 12] :
where   is the probability of obscuration,   is the density of critical defects and      is given by:
where   corresponds to the crack velocity,   3 is corresponds to the space dimension and  is a shape parameter. The density of critical defects for a given stress  is given by:
is the Weibull scale parameter [13] [14] computed knowing the Weibull modulus m, the effective volume V eff [15] and the mean tensile strength σ w . The threshold stress   is set to zero. The DFH model was previously successfully used to simulate the fragmentation process in SiC ceramics [16] [17] [18] [19] .
Mesh and model parameters
The mechanical properties of the ceramic and steel used as Hopkinson bar are given in Table 1 . The steel rod is meshed with C3D8R (8-node linear brick, reduced integration, hourglass control) 2-mm in size and the ceramic is meshed with C3D8R elements of 0.5-mm. Symmetries are used to model only half of the total geometry. A stress pulse is applied at the opposite end of the bar (length = 0.5 m) corresponding to the impact of a striker at 20 m/s.
Numerical results
A first step requires to determine the position of the second notch, which has to be placed where the axial tensile stress reaches the highest level to ensure the triggering and propagation of the crack (methodology shown in reference [8] ). The small notch position being defined 3D numerical simulations were carried out with the DFH model. The simulation shows a crack represented by a raw of damaged elements starting to propagate between 130 and 131 µs.
At the end of the simulation, the crack is represented in Fig. 3d (t = 150 µs) . The crack propagates through all the thickness of the specimen as shown in Fig. 4 .
Several geometries of notches were considered in terms of size, and distance between the two notches. The denomination is the following: the first number is the length of the large notch, the second number is the length of the small notch, and the third number is the separation distance between both notches, in mm. The position of the crack tip is plotted as function of time and the results are presented in Fig. 5 . This figure stresses the ability of a single crack to initiate from the small notch and to propagate over a long distance. It is noted that the configurations 8-4-9 and 8-4-5 lead to a multiple fragmentation.
It can be seen that for the 10-4-9 configuration, the crack travels along all the width (30-4 = 26 mm), whereas in the 8-3-9 configuration the crack travels only over 11 mm. When the size of the big notch is reduced (8 mm), the crack stops. This is likely due to the fact that the rocking effect is reduced. Owing to the fact that the big notch provides the dynamic tensile loading into the zone that contains the smaller notch, when the big notch is reduced, the size of the tensile loading zone is reduced as well and does not spread around the small notch. With a large notch of 10 mm, the longer travel distance is observed with the configuration 10-4-9. 
Conclusion
An experimental configuration is proposed to study the dynamic crack propagation. The Rockspall test is based on a two-notch rectangular specimen, here made of a SiC ceramic (Hexoloy®). The configuration 10-4-9 was found to be the best geometry for dynamic characterisation, since the DFH model predicts single crack propagation from the small notch along the whole width of the sample, considering an impact velocity of 20 m/s. The crack propagation estimated for the 10-4-9
